Abstract The epidemic of overweight and obesity presents a major challenge to chronic disease prevention and health across the life course around the world. Fueled by economic growth, industrialization, mechanized transport, urbanization, an increasingly sedentary lifestyle, and a nutritional transition to processed foods and high-calorie diets over the last 30 years, many countries have witnessed the prevalence of obesity in its citizens double and even quadruple. A rising prevalence of childhood obesity, in particular, forebodes a staggering burden of disease in individuals and healthcare systems in the decades to come. A complex, multifactorial disease, with genetic, behavioral, socioeconomic, and environmental origins, obesity raises the risk of debilitating morbidity and mortality. Relying primarily on epidemiologic evidence published within the last decade, this non-exhaustive review discusses the extent of the obesity epidemic, its risk factorsknown and novel-, sequelae, and economic impact across the globe.
trends continue, by 2030 an estimated 38 % of the world's adult population will be overweight and another 20 % will be obese [4] . In the USA, the most dire projections based on earlier secular trends point to over 85 % of adults being overweight or obese by 2030 [5] . While growth trends in overall obesity in most developed countries seem to have leveled off [2] , morbid obesity in many of these countries continues to climb, including among children. In addition, obesity prevalence in developing countries continues to trend upwards toward US levels.
Obesity is typically defined quite simply as excess body weight for height, but this simple definition belies an etiologically complex phenotype primarily associated with excess adiposity, or body fatness, that can manifest metabolically and not just in terms of body size [6] . Obesity greatly increases risk of chronic disease morbiditynamely disability, depression, type 2 diabetes, cardiovascular disease, certain cancers-and mortality. Childhood obesity results in the same conditions, with premature onset, or with greater likelihood in adulthood [6] . Thus, the economic and psychosocial costs of obesity alone, as well as when coupled with these comorbidities and sequelae, are striking.
In this article, we outline the prevalence and trends of obesity, then review the myriad risk factors to which a preventive eye must be turned, and finally present the costs of obesity in terms of its morbidity, mortality, and economic burden.
Classification of Body Weight in Adults
The current most widely used criteria for classifying weight-for-height is the body mass index (BMI; body weight in kilograms, divided by height in meters squared; Table 1 ), which ranges from underweight or wasting (\18.5 kg/m 2 ) to severe or morbid obesity (C40 kg/m 2 ). In both clinical and research settings, waist circumference, a measure of abdominal adiposity, has become an increasingly important and discriminating measure of overweight/obesity [7] . Abdominal adiposity is thought to be primarily visceral, metabolically active fat surrounding BMI body mass index, IOTF International Obesity Task Force, SD standard deviation, WHO World Health Organization, WH weight-for-height, Z z score a In the USA, typically 'class' is referred to as 'grade'. Obesity has an unofficial cut point of BMI C27 kg/m 2 in Asian populations the organs, and is associated with metabolic dysregulation, predisposing individuals to cardiovascular disease and related conditions [8] . Per internationally used guidelines of metabolic syndrome-a cluster of dysmetabolic conditions that predispose individuals to cardiovascular disease of which abdominal adiposity is one component-a waist circumference resulting in increased cardiovascular risk is defined as C94 cm in European men, and C80 cm in European women, with different cut points recommended in other races and ethnicities (e.g., C90 and C80 cm in men and women, respectively, in South Asians, Chinese, and Japanese) [8, 9] .
Classification of Body Weight in Children
In children, body weight classifications (Table 1) differ from those of adults because body composition varies greatly as a child develops, and further varies between boys and girls, primarily owing to differences in sexual development and maturation. The World Health Organization (WHO) Child Growth Standards are the most widely currently used classification system of weight and height status for children from birth to 5 years old, based on data from children in six regions across the globe born and raised in optimal conditions [10] . In 2007, the WHO published updated growth references combining the 1977 National Center for Health Statistics (NCHS)/ WHO growth reference and the 2006 WHO Child Growth Standards to create the most recent BMI-for-age references for individuals aged 5-19 years [11] . Thus, the latest WHO guidelines are designed to represent relatively seamless standards and references from birth all the way into late adolescence/early adulthood. In the USA, the Centers for Disease Control and Prevention (CDC) currently use the 2000 CDC growth references based on 1963-1994 US children's data, to determine age-and sex-specific BMI percentiles for children aged 2-19 years [12] . Overweight is defined in US children as age-and sex-specific BMI C85th and \95th percentile, while obesity is C95th percentile [13] . Cut points for severe obesity in childhood have been proposed in recognition of the alarming growing prevalence of this extreme condition, defined as the 99th BMI percentile [13] or 120 % of the 95th percentile [14] . For US children \2 years old, the CDC currently uses the 2006 WHO Child Growth Standards, described above [15] .
Prevalence and Trends

Adult Obesity-USA and Europe
The first indications that obesity was taking on epidemic proportions originated in the USA and Europe. With few restrictions on access to or availability of food, the prevalence of overweight and obesity in the USA climbed virtually unmitigated over the last 50 years. Today, those who are overweight (BMI 25 to \30 kg/m 2 ) or obese (BMI C30 kg/m 2 ) in the USA eclipse twofold the numbers of those who are normal weight [16] . In US adults, 1960-1994 trends showed that, while levels of overweight hovered at approximately 31 % over the time period, in contrast, age-adjusted obesity jumped from 13 to 23 %, bringing the crude prevalence of overweight or obesity to 55 % of the American population [17] . Unfortunately, 1994 did not represent the endpoint of the upward trend, as the following decade saw adult obesity rise from 23 to 32 % by 2003-2004 [16] . In the last 10 years, national estimates of obesity seem to indicate that the steady upward trend of obesity in Americans has leveled off at a prevalence of about 35 % [16] (Fig. 1) , perhaps having reached some 'Malthusian' obesity limit. However, certain subpopulations are faring worse than others, as 2011-2012 obesity rates in Hispanics and non-Hispanic Blacks were 43 and 48 %, respectively, pointing to a disproportionate burden in differing racial/ethnic and/or socioeconomic status (SES) groups. Gender also plays a role, with women being disproportionately affected by extreme obesity (classes 2-3, BMI C35 kg/m 2 ) compared with men, regardless of age or race/ethnicity [16] .
Meanwhile, in Europe, longitudinal data (1992-1998 to 1998-2005) from participants in five countries involved in the EPIC (European Prospective Investigation into Cancer and Nutrition) study (Italy, the UK, the Netherlands, Germany, and Denmark) indicate that adult obesity increased modestly from 13 to 17 % in that time period [18] . However, should such linear trends continue, the overall obesity prevalence in these populations could reach 30 % by 2015, paralleling US rates. A more conservative projection suggests a prevalence of just 20 % obesity in these populations by 2015, if public awareness and public health measures take hold [18] .
European studies including populations beyond EPIC indicate there is considerable disparity in overweight/ obesity between European countries. A systematic review of national and regional surveys conducted between 1990 and 2008 points to obesity rates as low as 4.0 and 6.2 % in French men and women, respectively (regional survey [1994] [1995] [1996] , and as high as 30.0 and 32.0 % in Czech men and women, respectively (national survey 2002-2005) [19] . Regional trends within Europe are apparent, with southern Italy, southern Spain, and Eastern European countries showing higher prevalence of obesity than countries in Western and Northern Europe [19] . As in the USA, these data suggest that socioeconomic disparities and relatively recent/ongoing economic transitions are playing a considerable role in apparent differences across and within countries with respect to obesity risk.
Child Obesity-USA and Europe
US children may be faring better than their adult counterparts in some ways [16] , potentially offsetting earlier dire predictions of rampant obesity by 2030 [5] . In national surveys, levels of overweight in children, as in adults, seem to have leveled off (or even declined) at approximately 30 % of US children aged 2-19 years [16, 20] . However, this belies a potentially disturbing long-term trend in the rising prevalence of extreme obesity (equivalent to adult class 2 obesity and higher, BMI C35 kg/m 2 ). Since 1999-2000, the prevalence of class 2 obesity in children (BMI C120 % of the 95th percentile) has risen from 3.8 to 5.9 % and class 3 obesity (BMI C140 % of the 95th percentile) has doubled from 0.9 to 2.1 %, the latter category jumping 30 % since 2009-2010 alone [20] . Again, as in their adult counterparts, certain sub-populations appear to be faring worse than others, notably Hispanic girls and Black boys, in whom overweight, obesity, and class 2 obesity have increased significantly [20] .
Childhood obesity prevalence also varies considerably between and within countries. 
Obesity Beyond North America and Europe
The data discussed above focus on the USA and European countries, many with robust national health surveillance programs. While historical data tend to be scarcer outside of these regions, an alarming picture has emerged over the last decades in low-and middle-income countries around the globe, complicated by rapidly changing socioeconomic environments. While country-specific trends are not discussed in this article, regional and national estimates of longterm changes in child (\20 years old) and adult ([20 years old) overweight and obesity have increased in nearly all countries and regions since 1980 (Fig. 2) [2, 3] . While the USA still may boast the largest absolute numbers of overweight and obese individuals, several other nations exceed the USA in terms of overall prevalence, and, moreover, the rate of growth in certain countries is disheartening. For example, the prevalence of overweight and obesity in nationally representative Mexican adults was estimated to be 71.3 % overweight/obese, with overweight at 38.8 % and obesity at 32.4 % [22] . This prevalence represents an increase of 15 % since 2000, placing this population among the most rapidly accelerating in terms of obesity prevalence [16, 141] and Fryar et al. [16, 141] . BMI body mass index, NHANES National Health and Nutrition Examination Survey, NHES National Health Examination Survey Fig. 2 Prevalence of overweight and obesity in adults aged C20 years by global region, 1980-2008. From left to right, each column represents the estimated regional prevalence of overweight and obesity for 1980, 1985, 1990, 1995, 2000, 2005, and 2008 . For a given region, a dark gray column indicates the lowest estimated prevalence in the trend, while the highest estimated prevalence is indicated by a black column. As is evident, the vast majority of regions demonstrate the lowest estimated prevalence of overweight and obesity in 1980, and the highest in 2008, demonstrating the global reach of obesity. The scale shows 25, 50, and 100 % prevalence columns, for reference. Asterisks denote high income. Data are sourced from Stevens et al. [3] over the last decade. Further, while rates of overweight remained relatively stable since 2000 at approximately 38 % overall, extreme obesity (class 3, BMI C40 kg/m 2 ) increased by an estimated 76.5 % from 2000 to 2012. These trends are also evident in countries outside of the Americas. In China, for example, between 1993 and 2009, overweight (BMI 25 to \27.5 kg/m 2 ) doubled in men (8-17 %) and increased from 11 to 14 % in women. Meanwhile, obesity (BMI C27.5 kg/m 2 ) nearly quadrupled in men, from 3 to 11 %, and doubled in women, from 5 to 10 %. Chinese children are faring as badly as their adult counterparts: overweight/obesity doubled from 6 to 13 % in children aged 6-17 years over the same time period, suggesting that the obesity epidemic will continue to deepen in this country [23] .
Risk Factors for Obesity
Currently, our greatest gap in knowledge is not regarding the numbers of risk factors, nor in their independent impact on risk, but rather in how they interact with one another-their confluence-to produce today's aptly if unfortunately named 'globesity' epidemic. Obesity arises as the result of an energy imbalance between calories consumed and the calories expended, creating an energy surplus and a state of positive energy balance resulting in excess body weight. This energy imbalance is partially a result of profound social and economic changes at levels well beyond the control of any single individual. These 'obesogenic' changes-economic growth; growing availability of abundant, inexpensive, and often nutrient-poor food; industrialization; mechanized transportation; urbanization-have been occurring in high-income countries since the early 20th century, and today these forces are accelerating in low-and middleincome countries. And yet, not all of us living in obesogenic environments experience the same growth in our waistlines. Hereditary factors-genetics, family history, racial/ethnic differences-and our particular socioeconomic and sociocultural milieus have been shown to affect risk of obesity (Table 2) , even in ostensibly similar obesogenic environments. So while body weight regulation is and should be viewed as a complex interaction between environmental, socioeconomic, and genetic factors, ultimately, personal behaviors in response to these conditions continue to play a dominant role in preventing obesity. Importantly, apart from genetics, every risk factor discussed below is modifiable.
Genetics of Obesity
To date, over 60 relatively common genetic markers 1 have been implicated in elevated susceptibility to obesity [24, 25] ; however, the 32 most common genetic variants are thought to account for \1.5 % of the overall inter-individual variation in BMI [24] . When these 32 'top' genetic hits are combined into a genetic risk-of-obesity score, those with the highest genetic risk (i.e., carriers of over 38 risk alleles) have just a 2.7 kg/m 2 higher BMI on average than those with a low genetic risk. This translates into about a 15-lb (7-kg) weight difference between two 5 0 3 00 (160 cm) individuals with high versus low genetic risk [24] . Although genetics undoubtedly play a role, this relatively small difference in BMI, coupled with the dramatic rise in obesity over the last half century in developed and developing nations alike point to obesity risk factors beyond genetics. A concomitant and rich area of research has therefore evolved investigating gene-environment interaction based on the idea that underlying genetic risk predisposes individuals to particularly adverse (or beneficial) effects of behavioral or environmental exposures such as diet and exercise, a concept scientifically popularized in, for example, the 'thrifty gene' hypothesis [26] . In many ways, these types of gene-environment interactions are playing out in population research: for example, a variant in FTO (rs9939609)-the strongest obesity susceptibility locus-increases odds of obesity in risk allele carriers by an estimated 23 % per allele; however, this risk is modified by physical activity, among other factors, in adults [27, 28] and children [29] . Nevertheless, these types of interactions have so far been investigated in relatively few genetic risk loci out of millions, and with just a handful of environmental factors, raising important questions of how to aggregate this complexity for public health and ultimately personalized medicine.
In addition, parental diet, lifestyle, and other exposures have been implicated in subsequent offspring obesity risk, including famine exposure [30] , parental obesity [31] [32] [33] , smoking [34] , endocrine-disrupting and other chemicals [35, 36] , weight gain during gestation, and gestational diabetes [33, 37] . These and other studies point to lasting effects of fetal programming that, via differing mechanisms-likely epigenetic-result in substantial repercussions in life course health, with implications across the socioeconomic/food availability spectrum. Careful management of diet and lifestyle in pre-and perinatal periods could exert a considerable impact on the obesity epidemic for generations to come [37] .
Individual Behaviors
Diet
In the decades preceding the 21st century, the vast majority of research on obesity risk factors focused on individuallevel, largely modifiable, behaviors. The role of diet and physical activity in mitigating obesity risk and reducing prevalent obesity have received the most attention, and with good reason: 15 % of deaths in 2000 in the USA were attributable to excess weight, owing to poor diet and physical inactivity [38] . Caloric intake and expenditure needed for weight maintenance or healthy growth has historically taken center stage [39] , and caloric restriction remains today a primary focus of most popular and clinical weight-management and weight-loss approaches.
Beyond overall caloric intake to regulate body weight, a tremendous amount of research has attempted to resolve the roles of diet quality and dietary patterns, including those specifying combinations of macronutrients [40] . Evidence from clinical trials has almost universally shown that caloric restriction, regardless of dietary pattern, is associated with better weight outcomes [40] . Although the metabolic nuances and relative merits of the differing dietary patterns for various comorbid conditions are still being investigated, the evidence seems to suggest that merely adhering to a diet-nearly irrespective of what type of healthy diet it is-has an impact on weight loss/control [41] [42] [43] .
For long-term maintenance of healthy weight, evidence from observational cohorts indicate that diets that are considered 'healthier' lead to better long-term weight maintenance, or at least mitigate weight gain typically associated with aging through middle age. For example, research in US health professionals pointed to average 4-year weight gain throughout middle age as being strongly associated with increasing intake of potato chips and potatoes, sugar-sweetened beverages, and processed and unprocessed red meats, but inversely associated with the intake of vegetables, fruits, whole grains, nuts, and yogurt [44] . Specific food groups, such as sugar-sweetened beverages, have received considerable attention largely because added sugar consumption (primarily as sugarsweetened beverages) has been rising concomitantly with prevalent obesity [45] . Indeed, the weight of the evidence about the role of sugar-sweetened beverages in obesity [46, 47] is a strong impetus for public health interventions and policies, such as limiting advertising on these beverages as in Mexico [48] , attempts to limit beverage sizes permitted for sale as in New York City [49] , taxation, eliminating sale in schools, etc.
Physical Activity, Sedentary Behaviors, and Sleep
Personal behaviors beyond diet (physical activity, sleep, sedentary and screen time, and stress) have also been independently associated with weight change and maintenance in adulthood. Combined with diet, these elements have synergistic and likely cumulative effects on an individual's ability to maintain or obtain a healthy body weight over the life course. Recently reviewed evidence from randomized trials and observational studies support 2008 US recommendations for weight management [50], consistently showing that, in general, 150-250 min per week of moderate-intensity activity is required to prevent weight gain, or aid in weight loss when accompanied by dietary restriction [51] . Activity ([250 min per week) is associated with weight loss and weight maintenance after weight loss [51] . Leisure-time activities involving sitting, but that are not truly restful behaviors, such as getting \6 or [8 h of sleep in adults and adolescents [44, [52] [53] [54] [55] or\10-11 h of sleep in children [52] , television viewing or screen time [44, 56, 57] , and other leisure-time sitting [58] are also associated with weight gain.
Socioeconomic Risk Factors: Income and Education
Income has had a shifting role in obesity risk over the last century. As late as the mid-20th century, the USA and Europe could link wealth directly with obesity-the wealthier an individual, the higher the likelihood of being overweight. However, over the last few decades, perhaps owing to the abundance of cheap and highly available food, coupled with changing sociocultural norms, this link has flipped. Today, wealth in the USA tends to be inversely correlated with obesity, and it is those who are at or below the level of poverty who appear to have the highest rates of obesity [59] . Indeed, in US cities where the homeless are surveyed, the prevalence of overweight and obesity parallels that of non-homeless populations, contrary to our typical beliefs about thinness accompanying food insecurity or homelessness [60, 61] . More broadly, across 11 OECD (Organisation for Economic Co-operation and Development) countries, SES, whether defined by household income or occupation-based social class, showed an inverse relationship with obesity: women, in particular, had consistently higher prevalence of overweight/obesity the less affluent they were [62] . In men, too, those in low-income strata tended to have higher prevalence of obesity, but the gradient for overweight reversed in about half of the countries surveyed. That is, in some countries, poverty was associated with more prevalent overweight than wealth, but in others, lower income was associated with more favorable weight status. The differences between sexes in terms of income status and obesity, particularly the trend reversal in men, may be in part due to low-paying jobs typically involving more physically demanding work performed by men more than by women [62] . Adding complexity to this picture is the role of education: in the 11 OECD countries discussed above, education showed a strong inverse relationship with overweight/obesity, particularly in women, who had consistently higher prevalence of overweight/obesity the less educated they were [62] .
As wealth rises in low-and middle-income countries, it is expected for poverty-obesity patterns to begin more closely mimicking those of high-income countries.
Evidence of this transition is already accumulating. In explorations of the role of education and wealth in women and weight status in four middle-income countries (Colombia, Peru, Jordan, and Egypt), authors observed a significant interaction between education and wealth: in women with little or no education, higher income was associated with 9-40 % higher odds of obesity, while in those with higher levels of education, the association with income was either not present (Egypt, Peru) or associated with 14-16 % lower odds of obesity (Jordan, Colombia) [63] . This suggests that, in currently transitioning economies, education may offset the apparently negative effects of increasing purchasing power in emerging obesogenic environments. However, the protective effect of education has yet to be seen in the poorer countries, such as India, Nigeria, and Benin, where both education and wealth were directly associated with increased odds of obesity [63] . This is perhaps unsurprising, as obesity was relatively rare, at \6.0 % of women in these countries, and [50 % of women had little or no education. The glimmer of hope, then, is that, in the context of a paradigm of diseases of affluence, in which the transition to wealth seems to invariably lead to higher obesity and thus greater chronic disease burden, higher education levels may yet offset some of the frightening challenges that lay before us.
Environmental 2 Risk Factors
The Built Environment
Research on the built environment tends to focus on a few measurable characteristics of neighborhoods as they relate to weight status, while holding sociodemographic and other person-level characteristics constant. Such neighborhood characteristics range from more concrete factors (e.g., fast food restaurants, supermarkets, parks, transportation, etc.) to more variably scored factors (e.g., walkability, neighborhood healthiness). Most studies of the built environment have been cross-sectional, tending to focus on one or two characteristics; thus, findings on the relative importance or effects of given characteristics on obesity have been inconsistent [66] [67] [68] [69] [70] [71] [72] , revealing the fundamental challenge of teasing out whether neighborhood characteristics play a causal role in weight status, or whether health-minded folks inhabit health-friendly areas to begin with (residential selection bias) [73] . However, the emerging picture points to the primacy of diet-related built environments over those associated with physical activity. While presence of neighborhood physical activity or recreational spaces has been associated with increased physical activity levels or energy expenditure [71, 72] , healthy food environments, characterized by availability of produce or presence of supermarkets over convenience stores or fast food restaurants, play a potentially more important role [68, 70, 74, 75] .
Research on the causality of the built environment as obesity inducing or health promoting is critical for municipalities and public health authorities to justify potentially costly improvements to public spaces and/or zoning regulations. There is an unmet need for standardized measures, definitions, and criteria, established residential and occupational geographic radii relevant to health, and research methodologies that can take into account the complexity of something as seemingly simple as a neighborhood.
Environmental 'Pathogens': Viruses, Microbiomes, and Social Networks
Growing evidence from animal and human studies indicates that obesity may be attributable to infection, or that obesity itself may be a contagion. Infectious agents include viruses, the trillions of microbiota inhabiting the human gut, and, of course, obese humans as infectious agents themselves. Although several viruses have been identified as potentially having a causal role in obesity [76] , Ad-36 is among the most studied, being causally associated with adiposity in animals. Studies in diverse human populations generally support greater Ad-36 viral loads as probably causal of obesity in both children and adults [76] [77] [78] [79] , with links to other metabolic traits [77, 79] .
Ground-breaking research in the last decade has emerged on the role of trillions of gut bacteria-the human microbiome-in relation to obesity, energy metabolism, and carbohydrate and lipid digestion, opening promising therapeutic avenues for obesity and disease [80] . Two primary phyla of bacteria differ in their proportions in lean versus obese populations; these proportions change as obese individuals lose weight, and they correlate highly with the percentage of body weight lost [81] . Broad and sometimes dramatic changes in microbiome populations have been catalogued following gastric bypass surgery [80] , and in both the short- [82, 83] and long-term [81, 83] in response to changes in dietary composition [80] . Research in mice indicates that increased adiposity is a transmissible trait via microbiome transplantation [84] , and has prompted similar experimental fecal transplantation research in humans for the promotion of weight loss [85] . In addition, other research has examined the feeding of preand probiotics as therapeutic modalities designed to manipulate the gut microbiome; these strategies also show promise for a range of conditions [85] .
Finally, the importance of social networks-real and virtual-in obesity is a fascinating, relatively new area of research that capitalizes on known characteristics of infectious disease transmission. In a landmark 2007 study examining the spread of obesity due to social ties using 32-year prospective data from the Framingham Heart Study, Christakis and Fowler [86] showed that an individual's chances of becoming obese increased by 57 % if he or she had a friend who became obese in a given 4-year interval. This was a stronger risk ratio than that observed between pairs of adult siblings or even between spouses. Conversely, it may be possible to capitalize on the social contagion of obesity in the reverse direction, that is, in the promotion of healthy weight and behavior. Intervention studies of weight loss often include a social-relational component, although the evidence supporting any single approach or its efficacy is relatively scarce [87] . In theory, a supportive network, community, or coaching relationship is supposed to improve weight loss; despite a lack of strong evidence, it is a key component of many popular commercial (e.g., Weight Watchers), trial/intervention, and online approaches. Obesity is associated with concomitant or increased risk of nearly every chronic condition, from diabetes to dyslipidemia to poor mental health. Its impacts on risk of stroke and cardiovascular disease, certain cancers, and osteoarthritis are significant.
Overall Mortality
In the year 2000 in the USA, 15 % of deaths were attributable to excess weight, owing to poor diet and physical inactivity [38] . Overweight/obesity in middle age shortens life expectancy by an estimated 4-7 years [88] . Many longterm cohort studies, as well as three recent major syntheses of pooled data from established cohorts [89] [90] [91] , which adequately accounted for history of smoking and chronic disease status, unequivocally show that overweight and obesity over the life course is associated with excess risk of total mortality, death from cardiovascular disease, diabetes, cancer, or accidental death [89] [90] [91] [92] [93] [94] [95] [96] [97] . Some studies suggest that excess body weight may be protective against mortality from certain chronic conditions-resulting in a so-called 'obesity paradox'. However, most studies that have shown an obesity paradox, or no association between obesity and mortality, have been conducted in groups of older ([65 years) or elderly patients or in those with chronic conditions, or have inadequately accounted for smoking. Indeed, the role of excess adiposity in old age is unclear. While the protective effects of overweight in specific instances of diseased older populations may be real, these observations are fraught with methodological problems, especially reverse causation, and belie the limitations of generalizing the supposed benefits of excess adiposity to younger populations over the life course, not least because excess body weight leads to higher disease incidence to begin with [7] .
Diabetes
Excess weight and diabetes are so tightly linked that the American Diabetes Association recommends physicians test for type 2 diabetes and assess risk of future diabetes in asymptomatic people aged C45 years simply if they are overweight/obese, and regardless of age if they are severely obese [98] . Overweight raises the risk of developing type 2 diabetes by a factor of three, and obesity by a factor of seven, compared with normal weight [99] . Excess weight in childhood and in young adulthood, and weight gain through early to mid-adulthood are strong risk factors for diabetes [100] [101] [102] . While not every overweight/obese individual has diabetes, some 80 % of those with diabetes are overweight/obese [103] . Obesity itself raises diabetes risk even in the absence of other metabolic dysregulation (insulin resistance, poor glycemic control, hypertension, dyslipidemia). While metabolically healthy obese individuals are estimated to have half the risk of their metabolically unhealthy counterparts, they still have four times the risk of those who are normal weight and metabolically healthy [104] .
Heart and Vascular Diseases
Ischemic heart disease and stroke are the leading causes of death in the USA and globally [105] . Excess body weight is a well-known risk factor for heart disease and ischemic stroke, including their typical antecedents-dyslipidemia and hypertension. Recent studies have consistently shown that benign obesity appears to be a myth [106] [107] [108] ; overweight clearly adds to the risk of heart disease and stroke beyond its implications for hypertension, dyslipidemia, and dysglycemia.
Given childhood obesity rates, research has lately focused on the role of obesity in early life and subsequent adulthood disease. Obesity in childhood or adolescence has been associated with twofold or higher risk of adult hypertension, coronary heart disease, and stroke [100] . A recent study pooling data from four child cohorts (aged 11 years at baseline, with average 23-year follow-up) observed that, compared with individuals who were normal weight in childhood and non-obese as adults, those who were normal weight or overweight but became obese as adults, or who were obese and stayed obese into adulthood, had a considerably higher risk of high-risk dyslipidemia, hypertension, and higher carotid intima-media thickness. Notably, those individuals who were overweight/obese as children, but non-obese as adults, had similar risk profiles to those individuals who were never obese, indicating that the potential health effects of childhood obesity can be offset by weight loss prior to or while entering into adulthood [109] .
Cancer
An estimated 6 % of all cancers (4 % in men, 7 % in women) diagnosed in 2007 were attributable to obesity [110] . Beyond being a major risk factor for diabetes, which itself is a risk factor for most cancers, obesity has long been understood to be associated with increased risk of esophageal, colon, pancreatic, postmenopausal breast, endometrial, and renal cancers [111] . More recently, evidence has accumulated that overweight and/or obesity raise the risk of cancers of the gallbladder [112] , liver [113] , ovaries (epithelial) [114] , and advanced cancer of the prostate [115] , as well as leukemia [116] .
Trauma and Infection
A study in Pennsylvania (USA) trauma centers (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) showed that in-hospital mortality and risk of major complications of surgery were increased in obese patients as compared with non-obese patients. Severely obese patients had upwards of 30 % increased risk of mortality from their trauma than non-obese patients, and double the risk of major complications. Severely obese females also had more than double the risk of developing wound complications, and quadruple the risk of developing decubitus ulcers [117] . A recent meta-analysis of obesity in trauma care concluded that obesity was associated with 45 % increased odds of mortality, longer stays in the intensive care unit, and higher rates of complications, and tended to associate with longer durations of mechanical ventilation and longer stays in the hospital overall, compared with non-obese patients, despite equivalent injury severity [118] .
While elevated risk of chronic disease is a seemingly obvious consequence of obesity, increasing attention is being given to increased risk of infection and infectious disease in obesity, including surgical-site, intensive care unit (ICU)-acquired catheter, blood, nosocomial, urinary tract, and cellulitis and other skin infections [119] , community-acquired infections, and poorer recovery outcomes owing to higher risk of influenza, pneumonia, bacteremia, and sepsis [119] . Impaired immunological response may be an underlying mechanism; recent research has demonstrated lower vaccine efficacy and serological response to vaccination in the obese. For example, a recent study estimated an eightfold increase in the odds of nonresponsiveness to hepatitis-B vaccination in obese versus normal-weight women [120] .
The consequences of a global obesity epidemic may not merely be greater chronic and infectious disease burden for the obese, but also a greater global burden of infectious disease owing to obesity. Greater infectious disease vigilance may be required in populations with high levels of overweight/obesity, and there is a clear need for better clinical practice guidelines (e.g., use and dosage of antimicrobials, vaccines, other pharmaceuticals) for obese individuals.
Mental Health
The role of weight in mental health faces causal challenges, but what is clear is that obesity and adiposity are associated with anatomical as well as functional changes in the human brain. Studies in older populations have shown that BMI is inversely correlated with brain volume, and that obese older adults, compared with normal weight counterparts, show atrophy in the frontal lobes, anterior cingulate gyrus, hippocampus, and thalamus [121] . In addition, obesity in children and adolescents (aged [9 years) has been associated with smaller orbitofrontal cortex gray matter volume, along with poorer performance in certain domains of executive function (e.g., inhibitory control) [122] . Being overweight in midlife increases the risk of Alzheimer's disease, vascular dementia, or any type of dementia by 35, 33, and 26 %, respectively; even higher risk is observed for obesity [123] . Importantly, physical activity, even among overweight individuals, may stave off poor mental functioning: moderately active or highly active adult overweight Finns did not have significantly increased risk of poor mental functioning at a 7-year follow-up compared with those who were normal weight and highly active, but inactive and overweight patients presented a nearly 40 % increased risk of poor mental functioning [124] . Thus, exercise may play an important mediating role in the relationship between excess body weight and age-related cognitive decline.
Economic Burden of Obesity
In the USA, recent estimates indicate that obese men are thought to incur an additional $US1,152 per year in medical spending, particularly due to hospitalizations and prescription drugs, compared with their non-obese counterparts, while obese women incur over double that of obese men, an additional $US3,613 per year in medical spending (year 2005 values) . Extrapolating these costs to the national level, authors estimate some $US190 billion per year of healthcare spending, approximately 21 % of US healthcare expenditures, is due to treating obesity and obesity-related conditions [125] .
Total hospital costs account for a part of this: another author group studied non-bariatric, non-obstetric hospital procedures for obese patients, finding they were $US648 higher (year 2009 values) per capita than for non-obese patients. The estimated national hospital expenditures for the largest volume surgical procedures was $US160 million higher per year for obese than for their non-obese counterparts [126] .
Employers bear a substantial brunt of obesity-related costs in the USA. Data from the Human Capital Management Services Research Reference Database (2001-2012) on employees and their dependents was used to compare medical, drug, sick leave, short-term disability, and workers' compensation costs as well as absent days across three BMI strata: \27, C27 to \30, and C30 kg/m 2 . Each of the costs was incrementally higher in ascending BMI categories. For example, total annual costs and total days absent in the highest versus lowest BMI strata were $US6,313 versus $US4,258 (year 2012 values), and 7.5 versus 4.5 days. In addition, productivity was lowest in the obese group [127] .
Finally, lifetime direct incremental medical costs of obesity in childhood in the USA were estimated to range from $US12,660 to $US19,630 (year 2012 values) for an obese 10 year old compared with a normal-weight 10 year old, if expected weight gain through adulthood among the normal weight child occurs [128] . If normal weight children were to not continue on the typical weight gain trajectory into overweight/obesity, estimated incremental medical costs for today's 10-year-old obese child ranges between $US16,310 and $US39,080. Putting these figures into perspective, multiplying the lifetime medical cost estimate of $US19,000 by the number of obese 10 year olds today generates a total direct medical cost of obesity of roughly $US14 billion for this 10-year-old age group alone. In terms of big picture savings, the upper estimate of $US39,000 per case represents 2 years of public college tuition for that child [128] .
In Europe, a 2008 review of 13 studies in ten Western European countries estimated the obesity-related healthcare burden had a relatively conservative upper limit of €10.4 billion annually (in Germany, in 1995€ equivalent), and ranging between \0.1 to 0.61 % of each country's gross domestic product (GDP). The review relied on study data from as early as the 1980s in the Netherlands, through 2002 in most of the remaining countries surveyed [129] . A more recent review focused on 19 studies published in 2007-2010 in eight Western European countries (predominantly Germany, Denmark, and the UK). Excess healthcare costs of obesity or derivations of excess healthcare costs by comparisons of mean costs between normal weight and obese individuals in seven of the reviewed studies were between €117 and €1,873 per person (based on the € valuation given in each study year). Excess costs increased particularly due to severe obesity. Approximately 23 % of medication costs and 6.9 % of outof-pocket costs were attributable to overweight or obesity. Health economic models estimated that 2.1-4.7 % of total healthcare costs and 2.8 % of total hospital costs were due to overweight and obesity. Total (direct and indirect) costs were generally unchanged from the 2008 estimate of the earlier review, accounting for 0.47-0.61 % of GDP in these countries [130] .
In the context of the Brazilian Unified Health System (i.e., public hospitals), estimated direct costs of diseases related to overweight/obesity in outpatient and inpatient care based on 2008-2010 data were US$2.1 billion annually (year 2010 values), 68.4 % of which was attributable to hospitalizations, and the remainder due to ambulatory procedures [131] . The largest costs of outpatient and inpatient care in both sexes were due to cardiovascular disease ($US747 million) followed by overweight-and obesity-related neoplasms ($US299.8 million), asthma ($US34 million), type 2 diabetes ($US3.7 million), and osteoarthritis ($US3.9 million). Authors estimated that these direct costs were a considerable underestimate of the true burden of overweight/obesity in Brazil, which would include private healthcare expenditures, as well as indirect costs due to lost productivity, premature death, and home care [131] .
Given the predicted rise in obesity in Brazil, coronary heart disease, stroke, hypertension, cancers, osteoarthritis, and diabetes are projected to at least double by 2050, with concomitant doubling in healthcare costs, from $US5.8 billion in 2010 to $US10.1 billion per year-totaling $US330 billion over 40 years (year 2010 values). It is estimated that a 5 % reduction in mean BMI across the population could save Brazil some $US57 billion over that time frame [132] . A similar analytic approach that substituted Mexican prevalence and trends for the Brazilian ones estimated 2010 costs of obesity at $US806 million (year 2000 values), which were projected to increase to $US1.7 billion by 2050, at which point a mere 1 % reduction in BMI prevalence in Mexico could save an estimated $US85 million per year [133] .
Of course, none of these estimates include dollars spent on the weight-loss industry, which is estimated to be over $US60 billion dollars in 2014 in the USA alone [134] , and includes non-prescription drugs and supplements, diet plans, gym memberships, workout videos, and an endless stream of money-making schemes.
Touching on Solutions, and Some Conclusions
Obesity is a major contributor to preventable disease and death across the globe, and poses a nearly unprecedented challenge not just to those tasked with addressing it at the public health level, or at the healthcare provider level, but to each of us as individuals, for none of us are immune. Increasing ease of life, owing to reduced physical labor and automated transportation, an increasingly sedentary lifestyle, and liberal access to calorie-dense food, driven by dramatic economic growth in many parts of the world in the last century, have turned a once rare disease of the affluent into one of the most common diseases-increasingly of the poor. That barely one in three people in the USA today are normal weight portends, quite simply, an astounding and frightening future. Significant reductions in public health and healthcare expenditures could occur around the world if we were able to stem the tide of childhood obesity trends, and if young and middle-aged overweight and obese adults lost approximately 10 % of their body weight, as recommended for a considerably reduced risk of debilitating chronic conditions [135] .
Obesity is complex. Although its risk factors are myriad and compounding, there is an urgent need for deeper understanding of the way risk factors interact with each other, and the potential solutions to the epidemic are as multi-leveled and complex as its causes. There are calls for applying systems-level [136] and systems epidemiology [137] approaches to this and related nutrition and metabolic diseases, approaches that attempt to comprehensively address biological, behavioral, and environmental contributors to disease as well as their intricate feedback loops. Additional research on solutions to this epidemic would include, for example, examining the relative cost/benefit to individuals and populations of individual versus systemic policies and/or interventions, concurrently or independently, particularly when individuals and communities must decide between approaches given limited resources, and moreover, with the currently limited evidence in the case of broad industry, agricultural, or public health policies. For example, we could attempt to limit national production and import of sugar-sweetened beverages, tax sugar-sweetened beverages, or restrict fast food restaurant zoning. These largely political acts seem relatively inexpensive, but may have economic impacts in communities and regions beyond what we currently understand. We may push for the increasing medicalization of obesity, including developing an obesity vaccine. While such a 'cure' may someday arise, the medicalization of a condition typically improves its treatment rather than its prevention, and prevention is key in the case of obesity. However, preventing and remediating obesity in children and adults-e.g., via health and wellness incorporation into curricula at every educational level from kindergarten through medical school-requires vast resources allocated to educators, as well as earlier diagnosis and treatment of overweight (education, counseling, drug treatment, etc.). Given these resource costs, perhaps greater attention should be given to pregnancy, which is already highly medicalized and may be an ideal preventive avenue for the provision of nutrition education and intensive monitoring of weight gain, to ensure that children have the most optimal start with respect to their future obesity risk. Clearly, no single approach is optimal, but with limited resources, an evidence base supporting one or more approaches or their combination is needed, as is tenacity and perhaps some audacity by local government and public health authorities in testing some of these approaches within their populations. However, an epidemic of this magnitude needs, quite simply, more resources. One of the reasons why the American Medical Association opted to declare obesity a ''disease'' was to give obesity the label it needs for greater allocation of resources for research, prevention, and treatment [1] .
Despite the many unknowns, we can be cautiously optimistic about our ability to address the obesity epidemic. Indeed, we have relatively successfully faced similarly daunting public health challenges before: smoking, to name just one. While tobacco can loosely be thought of as a single product, and our food culture is infinitely more complex, as a case study in how to approach obesity, it provides numerous lessons in multi-level solutions to a major health threat in terms of both mitigation and prevention. We began by developing an understanding of smoking's epidemiological impact and the healthcare costs borne by society, uncovered its biological basis, learned about and applied behavior change, and initiated and carried out vast public health, public policy, political, and economic strategies that ultimately affected whole environments as well as sociocultural norms.
It took over half a century to achieve the immense success we have with regard to smoking in the USA and still we are not yet tobacco free [138] ; other parts of the world continue to wrestle with it to a greater degree. It has only been a couple decades since we first deeply appreciated that obesity was epidemic. We clearly still have a long way to go.
